Preparation of water-in-oil-in-water emulsions by repeated premix cellulose acetate membrane emulsification by Chang, Hui Quin
  
PREPARATION OF WATER-IN-OIL-IN-WATER EMULSIONS BY 
REPEATED PREMIX CELLULOSE ACETATE MEMBRANE 
EMULSIFICATION 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CHANG HUI QUIN 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
UNIVERSITI TEKNOLOGI MALAYSIA 
  
PREPARATION OF WATER-IN-OIL-IN-WATER EMULSIONS BY REPEATED 
PREMIX CELLULOSE ACETATE MEMBRANE EMULSIFICATION 
 
 
 
 
 
 
 
 
 
CHANG HUI QUIN 
 
 
 
 
 
 
 
 
 
A thesis submitted in fulfilment of the  
requirements for the award of the degree of  
Master of Engineering (Bioprocess)  
 
 
 
 
Faculty of Chemical Engineering  
Universiti Teknologi Malaysia 
 
 
 
 
NOVEMBER 2012 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Specially dedicated to my beloved and supporting family:  
Chang Choo Man,  
Yeng Hua Hua, 
Chang Hui Ling,  
Chang Cik Nam, 
Chang Cik Min. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
iii 
iv 
 
ACKNOWLEDGEMENTS 
 
 
 
 
First and foremost, I would like to take this opportunity to express my 
deepest gratitude and appreciation to my supervisor; Assoc. Prof. Dr. Ida Idayu 
Muhamad and co-supervisor, Dr. Abdul Halim bin Mohd Yusof for their advice, 
encouragement and dedicated guidance.  Without their advice and consult, this thesis 
project would not be produced on time. 
 
 
Furthermore, I would like to express my endless thanks to Bioprocess 
Engineering Department Laboratory staff for providing technical help and guidelines 
throughout the whole research.  They are Mrs. Siti Zalita Bt. Ad. Talib, Mr. Yaakob 
Sabudin and Mr. Abd. Malik Yusop.   
 
 
To all my friends; Nozieana Khairuddin, Mrs. Eraricar Salleh, Iryatie Ishak, 
Nooranis Mustapha, Siti Nur Hidayah Mohamad, Norhayati binti Pa’e and Norazlina 
Mohd Nawi, thank you for being with me and for the great memories that we shared 
together.  To all of them, I would like to express my sincere gratitude. 
 
 
Last but not least, I would like to express my earnest appreciation to my 
beloved parents, family and all people who involved directly and indirectly for their 
support, understanding and love throughout this meaningful journey. 
 
 
 
 
 
 
 
 
 
 
   
v
ABSTRACT 
 
 
 
 
 The purpose of this study is to determine the potential of cellulose acetate 
membrane for preparation of formulated water-in-oil-in-water (W/O/W) emulsions 
by repeated premix membrane emulsification.  The effects of selective membrane 
emulsification process parameters (concentration of the emulsifiers, number of 
passes of the emulsions through the membrane, and storage temperature) on the 
properties and stability of W/O/W emulsions were also investigated.  The preparation 
of multiple W/O/W emulsions by repeated premix membrane emulsification (ME) 
using cellulose acetate membrane (0.8 µm mean pore size) has proposed in this study 
to reduce low stability problem of the emulsions.  A coarse emulsion was passed 
through the same membrane five times at a constant pressure of 0.3 MPa to minimize 
the droplets size and to increase the uniformity of droplets size.  About 7 wt. % 
polyglycerol polyricinoleate (PGPR) and 0.5-10 wt. % Tween 80 (Polyoxyethylene 
(20) sorbitan monooleate) were used as lipophilic and hydrophilic emulsifiers, 
respectively.  In addition, 1,3,6,8-pyrenetetrasulfonic acid tetrasodium salt (PTSA) 
was used as a hydrophilic model ingredient for the encapsulation of bioactive 
substances.  By using 7 wt. % PGPR concentration and 0.5 wt. % Tween 80 
concentrations, the most uniform particles with minimum mean size of oil drops 
(9.926 µm) were obtained after four passes through the membrane.  The 
encapsulation efficiency greater than 70 % was achieved after emulsions storage at 
4°C for seven days with amount of serum about 41.02%.  It can be concluded that 
cellulose acetate membrane does not possess very high potential for preparing a 
stable W/O/W emulsion by repeated premix membrane emulsification.  However, 
this membrane is still acceptable for preparing W/O/W emulsions with the optimum 
conditions (0.8 µm mean pore size and applying pressure of 0.3 MPa) obtained 
throughout this study since cellulose acetate membrane is low cost and relatively 
easy to handle. 
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ABSTRAK 
 
 
 
 
 Kajian ini bertujuan mengenalpasti potensi membran selulosa asetat bagi 
penyediaan emulsi air-dalam-minyak-dalam-air (W/O/W) yang diformulasi dan 
mengkaji kesan parameter membran pengemulsian yang terpilih (kepekatan 
pengemulsi, bilangan untuk emulsi melepasi membran dan suhu penyimpanan) 
terhadap ciri-ciri dan kestabilan emulsi W/O/W.  Penyediaan emulsi berganda 
W/O/W dengan mengunakan kaedah pengulangan pra-campuran membran 
pengemulsian (ME) dan membran selulosa asetat (0.8µm purata saiz liang ) telah 
dicadangkan dalam kajian ini untuk mengurangkan masalah kestabilan emulsi yang 
rendah.  Emulsi kasar melepasi membran yang sama sebanyak lima kali pada tekanan 
tetap 0.3 MPa untuk meminimumkan saiz titisan dan meningkatkan keseragaman 
saiz titisan.  Sebanyak 7 % jisim poligliserol poliricinoleat (PGPR) dan 0.5-10 % 
jisim Tween 80 (Polioksietilena (20) sorbitan monooleat) digunakan masing-masing 
sebagai pengemulsi lipofilik dan pengemulsi hidrofilik.  Garam 1,3,6,8-
pirenetetrasulfonik asid tetrasodium (PTSA) digunakan sebagai model bahan 
hidrofilik untuk pengkapsulan bahan bioaktif.  Dengan kepekatan PGPR pada 7 % 
jisim dan Tween 80 pada 0.5 % jisim, saiz partikel yang paling seragam dengan 
purata saiz minimum titisan minyak (9.926 µm) telah diperoleh selepas empat kali 
emulsi melepasi membran.  Kecekapan pengkapsulan lebih dari 70 % telah dicapai 
selepas penyimpanan emulsi pada 4°C selama tujuh hari dengan jumlah serum 
sebanyak 41.02 %.  Dapat disimpulkan bahawa membran selulosa asetat tidak 
mempunyai potensi yang begitu tinggi untuk penyediaan emulsi W/O/W yang stabil 
dengan menggunakan kaedah pengulangan pra-campuran ME.  Namun demikian, 
membran ini masih boleh diterima untuk penyediaan emulsi W/O/W dengan keadaan 
optimum (0.8 µm purata saiz liang dan menggunakan tekanan tetap 0.3 MPa) yang 
didapati melalui kajian ini, tambahan pula membran selulosa asetat adalah lebih 
murah dan senang digunakan. 
 
